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AnHotanus. [{enpr0 TaHHOTO HCCIENOBAHUS ABISACTCA 0030p B3aMMOCBS3H MEXIY HAyKOH O MaHHBIX U
KITUMAaTHIECKAMHU HCCIICAOBAHISIMHA, a TAKXKE OIMHCATh, KAaK MOYKHO YIIPABISATH BOIPOCAMH YCTOWYMBOTO KIIMMATa C
MTOMOIIEI0 HHCTPYMEHTOB OOJBINNX JaHHBIX.

KioueBble caoBa: Big Data, >KOIOTHS, KIUMaTHYECKHE HCCIEIOBAaHUS, HCCIEIOBAHUA W3MEHEHUS
KJIMMarTa.

Beenenne. B 510l cTaThe MBI pacCMaTpUBAEM B3aMMOCBS3b MEKIY HAyKOH O JaHHBIX U
HCCIIEIOBAaHUSAMH KJIMMaTa, a TaKXKe OMMCHIBAEM, KaK MpoOJeMbl YCTOMYUBOCTH KJIMMAaTa MOTYT
ObITh pELIEHbl C IOMOIBIO HMHCTPYMEHTOB bonbmux JlaHHbIX. Mbl aHamu3upyem u
KaTeropupyeM CTaTbH, MOCBALICHHBIE NMPUMEHEHUIO TAaHHBIX B KOHKPETHBIX O0JIACTSIX, OJTHAKO
OTMEYaceM, 4YTO IIUPOKHE WHTEIPATUBHBIE AHAJIM3bl IOJY4arOT MEHbLIE BHMMaHusA. Hama
OCHOBHasl 1I€JIb — NOJYEPKHYTh MoTeHuan teopembl Cuctemsl Cuctem (SoS), Tak kak amis
KOMIUIEKCHOTO ~ TIOHUMaHMs HpoOjeMbl HEOOXOAMMO HCCIENOBAaTh CHHEPTUM  MEXITY
Pa3IMYHBIMU JUCLUIUIMHAMU U HCCIENOBATEIbCKUMM HaesMU. Hayka O JaHHBIX M cuUcTeMax
MIO3BOJISIET MHTETPUPOBATh M CHUMYJIMPOBATh OOJIBLIOE KOJIMYECTBO PA3HOPOJHBIX JIAHHBIX,
YUYUTBIBAS NPHU OSTOM COLUAIBHO-3KOJIOIMYECKUE B3aMMOCBS3HM. YIIYyYLIEHHAs WHTErPaLus
3HAHMH, IpeajgaraeMas CHCTeMa KIMMAaTUYECKUX BBIYMCIICHUH, NEMOHCTPUPYETCS aHaIU30M
BO3MOJKHBIX B3aUMOCBSI3€H IOCIEIHUX CTATEH, OCBALICHHBIX IPUMEHEHUIO bonbinx J{aHHBIX.
AHanu3 NoJYepKUBaeT, KaK JaHHble M MOJENH, CPOKYCHPOBAHHbIE HAa KOHKPETHBIX acleKTax
YCTOWYMBOCTH, MOTYT OBITh CBSI3aHbI JIS1 U3yUEHUS CIIOXKHBIX TPOOJIEM U3MEHEHMSI KIIMMaTa.

OcHoBHasi yacTh. [IpoGiemMbl yCTOHUMBOTO pa3BUTHUSA TPEOYIOT MEXAUCHUIUIMHAPHOTO
M0JIX0/1a, KOTOPBIA OOBEAMHSCT PA3IMYHbIE 00IACTH HAYKH. DTO HEOOXOAMMO ISl TOTO, YTOOBI
aJIcKBaTHO pEarupoBaTh Ha CJOXKHBIE BBI30OBbI, TAKUE KaK HM3MEHEHUE KJIMMara, IOTeps
O0nopazHO00pa3rs U yCTOWYMBOE UCIIOIB30BaHNE pecypcoB. Hayka o JaHHBIX UTpaeT KIYEBYIO
poOJb B 3TOM IIpOLECcCe, MOCKOJIbKY OHA MPEAOCTaBIsAeT MHCTPYMEHTHI U METOAbI A cOopa,
aHamM3a W HHTEpIpeTaluu OOJBIIMX OOBEMOB JaHHBIX. OTO IO3BOJISIET YYEHBIM JIydIle
IIOHMMATh U MOJEIUPOBATH CIIOKHBIE CUCTEMBI, TAKME KaK KJIMMaTH4ecKas cUcTeMa 3EMIIH.
OpHako, HECMOTpPSI Ha 3HAYUTENBHBIM MpPOrpecc B 3TOH 00JACTH, CYLIECTBYIOT 3HAUUTEIbHBIC
poOJIeMbl U IPENATCTBUSA, KOTOPble HEOOXOIMMO MPEO0JIeTh. DTO BKIKOYAET B ce0sl BONPOCHI
KOH(QHUICHIIMATPHOCTH W 0O€30IacHOCTH JaHHBIX, a TaKkKe HEoOXOaUMOCTh B Oojee
3G GEeKTUBHBIX METOAAX aHalM3a W BHU3yalM3allUd JaHHBIX. B 1emoM, Hayka O JaHHBIX
IIPEJICTABISIET COOON MOIIHBIA MHCTPYMEHT JUISl IPOABUKEHUSI YCTOMYMBOTO PAa3BUTHS, HO €r0
IIOTEHIIAAJ €1IE MPEJCTOUT IOJHOCTHIO PEAIN30BaTh.

AHanu3 JaHHBIX WIpaeT KIIOYEBYIO POJIb B HCCIENOBAaHUAX HM3MEHEHMs kiaumara. OH
IIOMOTaeT y4EHbIM U3y4aTh U IIOHUMATh CJIO’KHBIE KIIMMAaTUYECKUE MPOLIECCHl U UX BIUSHUE HA
Hally IUIaHeTy. BoT HEKOTOpbIE U3 OCHOBHBIX 3a/1a4, KOTOPbIE MOTYT OBbITh PELIEHBI C TOMOLIbIO
aHaJIN3a JaHHBIX:

1 IIporHo3upoBaHuEe KIMMATUYECKUX W3MEHEHUW: AHaIU3 JaHHBIX MOXET IIOMOYb
Y4EHBIM IPOTHO3UPOBATh OyylINe KINMAaTHYECKHE YCIOBUS HA OCHOBE HCTOPUUYECKUX JAHHBIX U
Mojienier KiimMara (pUCyHoOK 1).

2 MOHUTOPUHI KJIMMAaTU4YeCKUX H3MeHeHMH: C NOMOIUBIO aHaIu3a JaHHBIX YYCHbIE

MOTYT OTCJIEKMBATh TEKYIME TEHICHIMM W3MEHEHUS KIMMaTa W OLEHUBATh UX BIUSHUE HA
pa3UYHbIC ACHEKThl OKPY’KaIOIIeH cpebl (PUCYHOK 2).
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PuCyHOK 1. Hpouecc HWHTCJUICKTYAJIbHOI'O aHaJIn3a JaHHbIX

¢ Optimize solutions based onopportunities and
: provides answers to what actions should be
SR takenfor achieving the goal
analytics g the goal.

» Extrapolates from available information and

Predictive predict what will happen in the near future.
analytics

%
* Determine information related to phenomenon

Diagnostic and provide insight into what occured in the past.
analytics p,

* Contextualizes data to produce knowledge in real
time and answer guestions about what is currently

Descriptive 2
analytics happening.

&y

Pucynox 2. Bunpl aHanUTUKU JaHHBIX

3 OrmeHKa BIUSHUS KIMMAaTHIECKUX U3MEHEHHH: AHAIN3 JaHHBIX MOXET IIOMOYb YYCHBIM
OLICHUTh BJIMAHUEC KIHMMAaTHUYCCKUX H3MEHEHUH Ha Pa3INIHbIC C(i)epBI JKHN3HHU, BKJIIKHOYasa
9KOHOMHUKY, 3/]paBOOXpaHeHue 1 OMopa3HooOpa3ue (pUCYHOK 3).
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Method

Classification

Clustering

Visualization

Definition

Discriminating data into
different labeled subsets
according to class
attributes. Retrieving
important and relevant
information about data and
metadata.

Grouping the database
according to their
similarities. Discovering
similarities and dissimilarities
between the data.

Identifying and analysing the
relationship between
variables. Predicting and
forecasling the process or
dependent variables.

Determining the association
between different datasets.
Tracking patterns and
creating groups of data that
have dependently linked
variables.

Digplaying multivariate data.
Reducing the number of
variables. Exploring the
internal context of data

Data analysis techniques

Neural network Support
vector machine (SVM)
Decision tree k-nearest
neighbors algorithm
Bayesian network Genetic
algorithm

Partition-based algorithms
(e.g.. K-Means, Fuzzy
C-Means) Hierarchical
clustering (e.g.,
dendrograms)
Density-based methods
Grid-based methods
Model-based methods

Multivariate linear regression
Neural networks Regression
tree

Frequent itemset search
algorithms: Apriori
algorithm, FP-grow
algorithm sequence search
algorithms: refixSpan,
Spade, SPAM

Principal Component
Analysis (PCA)
Multidimensional scaling
(MDS) 1-SNE, Self
Organizing Map (SOM)

Areas of application

Predefined distribution (e.g.,

identification of differences)
Fault detection Anomaly
detection problems

Data segmentation (division
into homogeneous sets)
Identification of typical
prototypes (e.g.,
simultaneous identification
of time-homogeneous
periods and their
averages/trends)

Creating a model that
predicts time (e.qg., creating
a model for predicting
temperatures)

Identification of common
co-ocourring anomalies
Exploring the relationships
between events and their
order

Exploratory data analysis
Identification of factors
Preparation of composite
indicators Monitaring of
complex systems
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Climatic examples

Evaluation of hydrological
responses Poff et al,, 1996,
Climate modeling Knutti

et al,, 2003 Peterson et al.,
2002, Mapping mangrove
areas Heumann, 2011, land
cover Friedl and Brodley,
1997, Vulnerability of the
river basin Sharif and Bum,
20086, Forecast uncertainty

Gut etal., 2011,
Optimizing water distribution
system Wu et al, 2010

Assess soil erosion risk
Aslan et al., 2019,
atmospheric data
Cuzzecrea et al., 2019, wind
patterns Wang M.et al.,
2020, grounchwater level
fluctuation Zare and Koch,
2018, Determine drought
homogeneous regions
Goyal and Sharma, 2016

Assess flood risk in urban
catchments Jato-Espino

et al., 2018, effects on the
hydrology cycle Keliang,
2019 and soil organic
carbon distribution
Olaya-Abril et al., 2017,
Determine the shift in
climatic trends (ternperature)

The discovery of
spatio-temporal fluctu-ating
patterns with regard to the
outbreak of an epidemic
Teng et al., 2019 Mapping
wind profile patterns Yusof
et al., 2017, atmospheric
environment L et 019,
and deforestation
et al., 2020. Predicting
climate variability Rashid
etal., 2017

Analysis of atmospheric
circulation patterns and
temperature anomalies Gao
et al, 2019 and changes in
land cover Li et al., 2018,
Mapping climate Uddin

et al.,, 2019/ drought
Balaganesh et al., 2020,
vulnerability and flood
hazard mapping in urban
environments Rahmati el al.,
2019

P UCYHOK 3. MeTtobl HWHTCJUICKTYAJIbHOT'O aHaJIN3a JaHHBIX U obnactu IIPpUMCHCHHA

4 Pa3paboTka CTpaTeruil ajanTaluu ¥ CMArYeHUs nociencTBuii: Ha ocHOBe naHHBIX 00
W3MCHCHHM KJIMMaTa YYCeHBIE MOTYT pa3pabarbiBaTh CTpAaTErWMH JUIsl  aJanTaluud K
W3MCHSIONIMMCSL  KJIMMATHYECKUM  YCIIOBUSIM M CMSTYCHUS HETATHBHBIX — OCICICTBHIMA
KIIMMATUYIEeCKUX U3MEHCHUH.

HccnenoBanust B 001aCTH KIIMMATOJIOTUU B 3HAYUTEIIBLHON CTEIICHU ONMPAIOTCS HA aHAJIN3
JaHHBIX. JTO BKIIIOYAET B ceOst cOOp U 00pabOTKy OOIBIIMX 00bEMOB KIMMATHICCKUX JTAHHBIX,
TaKMX Kak TeMIepaTypa BO3yXa, YPOBEHb OCAIKOB M KOHIIEHTpALMs YIIEKUCIOro raza. JTH
JaHHBIC 3aT€M AHATU3UPYIOTCS C TOMOIIBIO PA3IMYHBIX CTATUCTHUYCCKUX W MaTEMaTHYCCKHX
METOIOB, YTOOBI BBISIBUTH TCH/ICHIIMU, 3AKOHOMEPHOCTH U aHOMAJIUH.

OpHako, HECMOTpST Ha 3HAYMTENBHBIE YCIEXH B OTOM 00JacTH, CYHIECTBYIOT |
3HAYUTENIbHBIC TPOOJEMBbl. B YacTHOCTH, CyIIeCTByeT HEOOXOIUMOCTh B 00Jiee TOYHBIX H
HAJCKHBIX METOJIaX aHallM3a JaHHBIX, a Takke B Oosiee A(H(DEKTUBHBIX WHCTPYMEHTAX IS
BU3yaJIM3allM U WHTEPIPETAlUU pe3yabTaToB. Kpome TOro, CymecTByeT HEOOXOIMMOCTh B
O0onee TIyOOKOM TIOHMMaHWW B3aUMOCBSI3CH MEXKIY Pa3IUYHBIMU  KIMMATHYECKUMHU
MEPEMEHHBIMH U X BIIMSHUU HAa OKPYKAIOIYIO CPEy M YeIOBEUECKOe 00IIEeCTBO.
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BakHocTh aHanmM3a MaHHBIX B HCCIENOBAHUSAX M3MEHEHHUS KIMMaTa HE MOXKET OBITh
HenooleHeHa. OH HWrpaer KJIIOYEBYIO pOJIb B HAlleM IMOHMMAaHUM U HPOTHO3UPOBAHHUU
M3MEHEHUH KJIMMara, a TakKe B pa3paboTKe CTpaTeruil ajanTaluy U CMSATUYEHUs MOCIEACTBUM.
OnHako, HECMOTPSI Ha BCE JOCTHIKEHUS, CYLIECTBYIOT 3HAUUTEJIbHBIE TPOOJIEMbI U IPENSATCTBUSA,
KOTOpBIE HEOOXOAMMO TMPEO0IETh. DTO BKIIOYAET B ce0s BOMPOCH KOH(PHICHIHMATHLHOCTH U
0€30MacHOCTH JaHHBIX, a TaKKe HEOOXOIUMOCTh B Ooiiee (PPEKTUBHBIX METOJaX aHaIMU3a M
BU3yaJIn3alluu JaHHBIX.

B nenom, Hayka O JaHHBIX MPEJICTABISIET COOOH MOIIHBIA MHCTPYMEHT JUISl ITPOABUIKECHUS
YCTOMYUBOTO pa3BUTHUS, HO €ro NOTEHIMAJ eIle MPEACTOUT TOJTHOCTBIO pealin30BaTh.
HeoOxoquMo mpomoimkaTh yiaydilaTh HAaIld METOABI cOOpa M aHalu3a JaHHBIX, a TaKKe
Pa3sBUBATh HOBLIC NTOAXOAbI U MHCTPYMCHTBI IJIA O6pa6OTKI/I W MHTCPIPCTALIUN OTUX NAHHBIX.

[Ipumenenne MamMHHOrO OOY4YeHMsI M HCKYyCCTBEHHOro uHTesiekra: CoBpeMeHHbIe
TCXHOJIOI'MHU, TAKUEC KaK MallIlMHHOC O6y‘~I€HI/I€ u I/ICKYCCTBGHHl)If/'I HWHTCJUICKT, OTKPBIBAIOT HOBLIC
BO3MOYKHOCTH JUJIsl aHAJIM3a JAHHBIX B MCCIIEJOBAHUAX U3MEHEHUs Kiumara. OHM MOTYT IOMOYb
YUYCHBIM BBIABJIATH CJIOXHBIC 3aKOHOMEPHOCTU U 3aBUCUMOCTH B JaHHBIX, KOTOPLIC MOI'YyT OBITH
HEOYEBU/IHBI P UCTIOJIb30BAHUH TPAAUIUOHHBIX METOI0B aHAIN3a (PUCYHOK 4).
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Pucynok 4. Cetb coBnaieHuil KJIIOYEBBIX CJIOB B cTaThsix Big Data, cBsi3aHHBIX €
KJINMAaTOM

Ucnonp3oBanne reomHpopmannonueix cucreM (IUC): TUC sBASIOTCS MOIIHBIM
MHCTPYMEHTOM JUIsl BU3YaJIM3allui M aHAJIM3a IPOCTPAHCTBEHHBIX JaHHBIX, YTO OCOOEHHO BaXKHO
B UCCJIEJIOBAHMIX U3MEHEHUs Kiaumara. OHU MO3BOJISIOT YYEHBIM BU3YaJIU3UPOBATH U3MEHEHUS
KJIMMaTa Ha IJ00aJbHOM M PErMOHAJIBLHOM YPOBHSX, @ TaKXKe aHAIM3MPOBATH BIUSHHE 3TUX
U3MEHEHUH Ha Pa3InYHbIe reorpaguueckue 00JacTy.
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WuTerpamusi JaHHBIX M3 Pa3IMYHBIX MCTOYHHUKOB: OOHOW M3 KIIOUEBBIX 3a7ad B
WCCIICIOBAaHUSX U3MEHEHHS KJIMMATa SIBIISICTCS MHTETPALNS JAaHHBIX U3 Pa3IMYHbIX HCTOYHUKOB,
BKJIFOYAsl CITyTHHKOBBIC JaHHBIC, JAHHBIC HA3€MHBIX HAOJFOJICHUH W JaHHBIC KIMMATHYCCKHX
Mozeneil. Dto TpebyeT pa3paboTku S(D(PEKTUBHBIX METOAOB JUIS CHMSHHS, OYHUCTKH U
CTaHIAPTH3AIlMN JaHHBIX, a TaKXke i OO0pabOTKM MPOMYIICHHBIX IaHHBIX W BBIOPOCOB
(pucyHOK 5).
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Pucynox 5. Cucremnas xoHmenmus nprioxkenni BigData

3akjoyeHue. AHATU3 JAHHBIX WUTPAeT BAXKHYIO POJIb B WCCICAOBAHUAX W3MCHCHUS
knmuMata. OH MOMOTaeT y4YeHbIM JIydllleé TMOHHUMAaTh CJIOXKHBIE KIMMATUYECKUE IMPOILECCHl U
MPOTHO3MPOBaTh Oyaymme wu3MeHeHus. OJHAKO, HECMOTPS Ha 3HAYUTCIBHBIC YCIEXH,
CYUIECTBYIOT U 3HAYUTEIbHBIE MPOOJIEMBI, KOTOPhIE HEOOXOIMMO MPEOAOIETh. ITO BKIIOYAET B
ceOsi BOMIPOCHl KOH(HUICHIIMATHHOCTH M 0€30MacHOCTH JAHHBIX, a TaKXKe HEOOXOAMMOCTh B
oosiee 3(h(PeKTUBHBIX METOJAX aHaIM3a W BU3yajHM3allMM JaHHBIX. B 1e0M, Hayka O JaHHBIX
MIPEJICTABISET COOOM MOIIHBIA WHCTPYMEHT IS TIPOJBMKCHUS YCTOMYUBOTO PAa3BUTHS, HO €rO
MOTEHIMAJ €Ill¢ MPEICTOUT TMOJIHOCThIO peain3oBaTh. HeoOXOAMMO Npoa0IDKaTh YIIydIlaTh
HaIlli METOJbI cOOpa M aHaJIM3a JTAaHHBIX, a TAK)KE Pa3BUBATh HOBBIC MOJIXOJbI U WHCTPYMEHTHI
11 00paOOTKY ¥ UHTEPIPETAIIMH ITHX JTAHHBIX.
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ABTOpPCKHH BKJIAJ

IlatanoBa Bukropusi BUKTOpOBHA — PYKOBOJCTBO M TOCTaHOBKA 3amadu uccienoBanus BIG
DATA B pemennu npo0ieMbl KTMMaTuiIeckoro kpusuca Pb.

BacuabkoBa Anacracuss HukonaeBHa — MOCTaHOBKA 3a/ladyd HMCCIEIOBAaHUS, OMHUCAHHE Kak
MOXXHO YIHpaBJIATbL BOIIPOCAMH YCTOI\/’I“II/IBOFO KiimMaTa € MOMOIIBKO MHCTPYMCHTOB OOJIBIINX JaHHBIX,
aHaJIM3 MOJIyYCHHBIX PE3yIbTaTOB, POPMUPOBAHHUE CTPYKTYPHI CTATHH.

Tuxonenko Buaammcnas OneroBu4 — TECTHPOBaHHE MPOrPAMMHOIO CpEACTBA, OIMCAaHHUE
IMPUHLOUIIOB HUCII0JIb30BaHUA B3aNMOCBA3HU MCKOY HayKOﬁ (6] JaHHBIX u KIIMMaTHYCCKUMU
UCCIIeI0OBaHUSAMH, (OPMUPOBAHHUE CTPYKTYPHI CTATHH.
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Abstract. The purpose of this study is to review the relationship between data science and climate research,
and to describe how sustainable climate issues can be managed using big data tools.
Keywords: Big Data, ecology, climate research, climate change research.
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